Introduction
Water buffalo commonly known as carabao is one of the most important domesticated animals in the Philippines, aiding the farmers in plowing the fields, tilling the soil, and other farm duties that require heavy liftings. They are also abundant in the country, in fact according to the Philippines statistics authority -Bureau of Agricultural Statistics (2019) there were 2.87 million heads in the country as of the 1 st quarter of 2019. This is higher compared to the 2.55 million cattle heads declared during the same period. However, carabao has a lower volume of production of 30.40 thousand metric tons, liveweight, less than half of the 61.31 thousand metric tons volume of production of cattle. One of the reasons is the negative connotation that carabeef (carabao beef) is tough and dry compared to beef. In the Philippines, most cattle for consumption are slaughtered at a younger age while, carabao is slaughtered at a later age because of the lower demand and their functions on the farm, hence tougher meat. However, many studies have compared beef from carabeef in terms of meat and carcass composition (Lapitan et al., 2008) ; proximate composition and intramuscular fatty acid profile (Oliveros et al., 2007) ; sensory characteristics, eISSN: 2550 eISSN: -2166 © 2019 The Authors. Published by Rynnye Lyan Resources physicochemical and nutritional properties (Anjaneyulu et al., 1990) . These studies, however, have shown that carabeef is not inferior to, but in fact highly comparable with beef, having a slight advantage in terms of tenderness, color, and flavor (Lapitan et al., 2008) ; significantly higher ash content, oleic acid content, and linoleic to linolenic acid ratio (Oliveros et al., 2007) . Also, according to Philippine Statistics Authority -Bureau of Agricultural Statistics (2019), carabeef costs a little cheaper at PhP 97.67 than the PhP 108.50 per kilogram liveweight of beef as of the 1 st quarter of 2019. Hence, carabeef can be a cheaper yet competitive alternative/addition to the common carcasses for consumption.
The common carabeef dishes in the Philippines are kalderetang kalabaw (carabeef cooked in tomato sauce), ginataang kalabaw (cooked in coconut milk), tapang kalabaw (carabeef jerky), and bistek na kalabaw (carabeef steak). Pampanga, the province that has been dubbed as the "culinary capital of the Philippines", has a native traditional carabeef dish called pindang damulag (fermented carabeef). Pindang damulag (Figure 1 ) has a cured bright red color, glistening appearance due to the caramelized sugar, a meaty and sour fermented aroma, a juicy and chewy texture, and a very distinct flavor profile highly preferred by Kapampangans (people from Pampanga). In addition to this, the group of Banaay et al. (2013) and Sanchez (2008) enumerated a vast number of Filipino traditional fermented products wherein the dominant lactic acid bacteria (LAB) were identified and their role in the food safety and preservation of each were discussed. Generally, LAB predominates the microbial population and their lactic acid cause other groups of microorganisms especially pathogenic and spoilage microorganisms to reduce their growth, which eventually lengthens the shelf life of the product. For this reason, the practice of making each fermented food was passed down from one generation to another, especially in areas where access to food resources is difficult. However, in the case of pindang damulag most new generation Kapampangans have only heard of this dish or do not know it at all. This traditional dish might eventually be forgotten, and ultimately the complex microflora and the physicochemical characteristics of pindang damulag that contribute to the unique profile of the dish might neither be replicated nor studied. Thus, this study was conducted to determine the microbial population of pindang damulag at different stages of natural fermentation and relate it to the physicochemical properties and organic acid profiles of pindang damulag.
Materials and methods

Pindang damulag preparation
The preparation of pindang damulag was based on the consolidated practices and formulations of known pindang damulag makers from the City of San Fernando, Pampanga, Philippines, along with minor modifications based on the food safety concerns of the researcher.
Carabeef procurement
The right hind leg of a newly slaughtered 60±3month-old carabao was obtained from the Philippine Carabao Center, University of the Philippines Los Baños, College, Laguna, Philippines. The carcass pH was taken at 15 mins, 2 hrs, and 24 hrs post-mortem to determine the carcass quality prior to processing. Upon determination of the carcass quality, the carabeef was fabricated into thin slices of approximately 0.25 inches thick and was stored in the chiller prior to curing.
Curing and fermentation
The refined washed sugar (15-18%), rock salt (1.5-2%), phosphate (1-1.5%), and curing salt (1-1.5%) were dissolved in chilled distilled water. The solution was then added to the carcass and was continuously mixed for 30 mins. The salted carabeef was distributed to 6 double-layered sterile polypropylene bags, each bag containing 500 g of meat sample. The air in each bag was manually removed, and the bags were sealed with maximum headspace as possible. The bags were then left to ferment for 9 days at room temperature (28.75±0.75°C ). One bag was opened to monitor the microbial load, physico-chemical properties, and organic acid profile during day 0, 1, 3, 5, 7, and 9 of natural fermentation.
Enumeration of selected groups of microorganisms
The enumeration of different groups of microorganisms during the natural fermentation of pindang damulag were based on the standard conventional method of serial dilution and plating (BAM, 1998) . About 25 g of randomly sampled pindang damulag was added to 225 mL of 0.85% NaCl solution. It was then homogenized in a blender for 2 mins and transferred into a sterile container. The following media were used: potato dextrose agar (PDA) + chloramphenicol for yeast and molds; nutrient agar (NA) for common bacteria; glucose yeast peptone (GYP) agar + CaCO 3 for acid producing bacteria; de Man Rogosa Sharpe (MRS) agar + CaCO 3 for lactic acid bacteria; and violet-red bile agar (VRBA) for presumptive coliforms. All plating was done in triplicates. The PDA plates were incubated for 3 days at 30°C; NA plates for 2 days at 30°C
; GYP and MRS plates for 2 days at 37°C; and VRBA for 16 hrs at 30°C. After incubation, the colonies were counted and were expressed in colony forming units per gram sample (CFU/g).
Physico-chemical changes
The test samples for physico-chemical analyses were prepared by mixing 1 part pindang damulag and 4 parts distilled water. The mixture was homogenized using a waring blender for 2 mins and set aside until further analysis.
Total soluble solids
On the prism of the refractometer (Atago 9314), two to three drops of the homogenized solution were placed. The total soluble solid of the sample was computed using the equation below and the reading was then expressed in degree brix (°Brix).
Titratable acidity
Titratable acidity of the sample was determined following the modified method of Capita et al. (2006) . The acidity was calculated and expressed as % lactic acid using the formula:
pH
The pH values of the samples were determined using a calibrated pH-meter (Milwaukee 600).
Moisture content
The moisture content was computed based on the AOAC (2000) official method 950.46 moisture in meat.
Color
Color analysis expressed in the CIE L*, a*, and b* values were taken using a chromameter (Capsure™ Pantone® X-rite)
Identification of lactic acid bacteria
Colonies from MRS agar + CaCO 3 plates were isolated and purified. The isolates were then screened phenotypically using standard physiological and biochemical tests. The lactic acid bacteria were then identified genotypically through a series of DNA extraction, polymerase chain reaction, 16s rRNA sequencing, and basic local alignment search tool. The primer pair used was 27F (AGA GTT TGA TCM TGG CTC AG) and 1492R (CGG TTA CCT TGT TAC GAC TT).
Sarcoplasmic protein profile
The determination of the sarcoplasmic protein profile during fermentation was determined using sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). One-part sample was added with 19 parts of ice-cold 1.1M potassium iodide in 0.1M phosphate buffered water (pH 7.2) to extract the sarcoplasmic protein of the sample. The solution was homogenized using a waring blender for 2 mins prior to centrifugation for 5 mins at 4°C using 1500 x g. The solution was then decanted, and the protein content was determined using Lowry method (Lowry et al., 1951; Joo et al., 1999; Waterborg, 2002) . The solution was diluted further to a concentration of 25-250 µg protein/g sample. The resulting solution was then subjected to SDS-PAGE to determine which of the polypeptides present was lost during fermentation based on their approximate molecular weight.
Organic acid profile
The sample preparation, system used, and chromatographic conditions for organic acid profiling was based on the modified methods of Jham et al. (2002) , Olaye et al. (2008) , Machado et al. (2008), and Nour et al. (2010) .
Organic acid standards
The reference standards (lactic, acetic, succinic, and propionic acids) were prepared to a concentration of 100 mg/mL stock solutions. Each solution was filtered through a 0.45 µm membrane filter and was stored below 18°C until further use.
Chromatographic system and conditions
The HPLC system (Agilent 1260) was equipped with a C18 analytical column (Luna 5u, 250 mm length, 4.6 mm internal diameter); ultraviolet detector; and a data recorder (LC OpenLAB CDS). The analysis was performed at 50°C, using a mobile phase consisting of 10 mM perchloric acid in water at pH 2.1 that was sonicated and filtered through 0.2 µm membrane filter. It was then delivered at a flowrate of 0.7 mL/mins for a run time of 30 mins per run. The eluted samples were FULL PAPER eISSN: 2550-2166 © 2019 The Authors. Published by Rynnye Lyan Resources detected by the UV detector set at λ =214 nm with the sensitivity setting of 0.002 absorbance units full scale. The concentration of each organic acid was expressed as mg organic acid/100 g sample.
Statistical Analysis
The statistical design used was completely randomized design (CRD) with 3 replicates. All data obtained were statistically analyzed and interpreted using linear regression analysis and analysis of variance (ANOVA). Then Tukey's honest significance difference test was employed to locate the difference among the sample's parameters.
Results and discussion
Microbial load of pindang damulag during natural fermentation
Based on the regression analysis and ANOVA of the microbial load of pindang damulag during natural fermentation (Figure 2 ), all groups of microorganisms showed a significant increase in population from day 0 to day 3. However, from day 3 onwards, there was no significant increase in population for fungi, common bacteria, and presumptive coliforms. Acid producing bacteria and lactic acid bacteria, on the other hand, continued to increase significantly (p<0.05) each observation day until the end of fermentation.
Meat has a complex nutrient composition containing almost all necessary nutrients which makes it an excellent substrate to allow a wide array of microorganisms to thrive especially at ambient conditions (Barbut, 2001; Cassens, 2008; Toldra, 2008) . Hence, all groups of microorganisms grew significantly in the pindang damulag during the early stages of natural fermentation. However, from day 3 to day 9, there were observed changes in microbial population since some groups of microorganisms can co-exist in the same environment with other groups while some cannot (Ciani et al., 2008; Sumbali and Mehrotra, 2009 ). According to Wood and Holzapfel (1995) some groups of microorganisms such as acid-producing bacteria utilize carbohydrate sources and give off organic acids as the main end product of carbohydrate metabolism. Increased growth of acid producing bacteria translates to the relative increase in the production and accumulation of organic acids. Weak acids tend to remain undissociated in the substrate, which allows them to diffuse through the cell membrane. Upon reaching the cytoplasm, they will dissociate due to the near-neutral environment of the cytoplasm. The accumulation of anions in the cytoplasm affects the metabolic processes of the cell. The cell then expends energy to pump out the anions, leaving less energy for reproduction, hence slower growth rate and eventually death of other groups of microorganisms (Lahtinen et al., 2012) . This phenomenon conforms with the results of the microbial analyses, wherein acid producing bacteria and lactic acid bacteria continued to grow significantly while fungi, common bacteria, and presumptive coliforms correspondingly reduced their growth rate from day 3 onwards.
Physicochemical properties of pindang damulag during natural fermentation
The total soluble solids (TSS) and pH of pindang damulag during natural fermentation significantly decreased (p<0.05) while titratable acidity (TA) significantly increased (p<0.05) through time (Figure 3) . TSS began to show a significant decrease during the 3rd day of fermentation and started to decline significantly each day until day 9, whereas TA and pH remained statistically constant up to day 3 and started to significantly increase and decrease, respectively, until the last day of fermentation.
During fermentation, acid producing microorganisms use carbohydrates from their environment (Wood and Holzapfel, 1995) . In the case of pindang damulag, the added sugar in the form of sucrose considerably contributes as a carbohydrate source. According to Joshi et al. (2012) , sucrose can be utilized during fermentations, but it needs to be broken down to simpler forms by invertase (sucrase) where it produces glucose and fructose or by sucrose phosphorylase to produce glucose-1-phosphate and fructose. Either way, all products are utilized via the glycolytic pathway. Hence, the significant decrease in TSS through time was caused by the significant increase in the number of acid producing bacteria and lactic acid bacteria, which utilizes sucrose during natural fermentation of pindang damulag (Figure 3) .
After the utilization of sucrose, acid producing microorganisms give off organic acids. Meat fermentations commonly exhibit lactic fermentation wherein the bacteria responsible mainly gives off lactic acid (Campbell-Platt and Cook, 1995; Toldra et al., 2014) . Hence during fermentation of pindang damulag, significant production of lactic acid is relative to the significant decline in TSS (Figure 3 ). After the production of lactic acid in their environment, lactic acid eventually accumulates through time. The accumulation of these acidic compounds leads to the acidification of the environment. Hence, the pH of pindang damulag decreases as the TA increases (Figure 3) .
Moisture content of pindang damulag during natural fermentation
The moisture content of pindang damulag during natural fermentation had no significant difference, while there was a significant increase in moisture content from day 0 to day 1 and remained constant thereafter until the last day of fermentation (Table 1) .
The moisture content of pindang damulag at day 0 was significantly lower compared to the succeeding days of fermentation. This can be attributed to the mechanical stress brought by mixing. The samples for day 0 were taken right after mixing unlike the samples for day 1 to 9 each were placed and sealed in polypropylene bags and left to ferment prior to analysis. According to Dikeman and Devine (2014) meat mixtures reabsorbs lost moisture or meat exudates in a certain stage after processing, called "resting period". In this case, the resting period was within 24 hours, hence the moisture content of pindang damulag during day 1 was significantly higher than day 0 and remained statistically constant from day 1 until the last day of fermentation.
Color analysis of pindang damulag during natural fermentation
The CIE L*, a*, b* values of pindang damulag during fermentation shows that the L* and a* values had a significant difference during fermentation (p<0.05), while, the b* values remained statistically constant (p>0.05) throughout fermentation (Table 1) .
The significant decrease of the L* value of pindang damulag from day 0 to day 1 can be attributed to the reabsorption of exudates during the resting period. According to Simpson (2012) , the exudate contains water-soluble hemoproteins or heme pigments which caused the pindang damulag to significantly darken. On the other hand, from day 1 onwards the L* value increased significantly. This is due to the decrease in pH of pindang damulag, as it approaches isoelectric point of pH 5.5, the protein charge repulsion and the water holding capacity in the carcass decreases causing water molecules to be squeezed towards the surface. Therefore, when the incident light hits the surface of the pindang damulag more light is reflected causing the L* value to increase.
The significant increase of the a* value from day 0 FULL PAPER Figure 3 . Changes in total soluble solids, titratable acidity, and pH of pindang damulag during natural fermentation at 28.75±0.75°C (p<0.05). Data points with the same letter per color are not significantly different at (p≤0.05). Means ± SD in the same column with the same letter are not significantly different at (p ≤ 0.05). L* value = lightness; a* value = greenness to redness; and b* value = blueness to yellowness eISSN: 2550-2166 © 2019 The Authors. Published by Rynnye Lyan Resources to day 1 can be attributed to the addition of sodium nitrite in the formulation which resulted to development of Nitric oxide (NO)-myoglobin complex which contributes to the red color of cured meat products (Pegg and Shahid, 2000) . During day 1, the added curing salt has already reacted with the myoglobin available in pindang damulag resulting in the production of NOmyoglobin, which significantly increases the a* value of pindang damulag from 10.92 to 16.90.
Identification of lactic acid bacteria isolates
After performing cultural characteristics on MRS agar + CaCO 3 , the colonies with clearing zones were grouped based on their colonial morphology (Figure 4 ). Physiological and biochemical tests screened only the Gram-positive and catalase-negative isolates. Genotypic identification using 27F and 1492R primer pairs found that the isolates were homologous to E. faecium and W. paramesenteroides.
Sarcoplasmic protein profile
The protein profile resulting from the hydrolysis of muscle sarcoplasmic protein during natural fermentation is shown in Figure 5 . It shows that as fermentation lengthens, the intensity of the band representing the sarcoplasmic protein with approximately 20.1KDa fades. The decrease in the intensity of the band was evident in all batches at day 3 onwards. The proteolytic activity can be contributed by the microorganisms present during fermentation. In the study of Fadda et al. (1999) where the researchers isolated Lactobacillus plantarum and discovered its effect on the protein components of the fermented sausages specifically at an approximate molecular weight of 97, 45, 37, and 26KDa. Similar to L. plantarum, one of the identified LAB specifically E. faecium is known to have a low to moderate proteolytic activity according to Abeijon et al. (2006) and Veljovic et al. (2009) . Even though it only possesses a low to moderate proteolytic activity, due to their dominance, it can be assumed that the E. faecium contributed to the hydrolysis of the sarcoplasmic protein in the pindang damulag during fermentation. According to Zapelena et al. (1997) and Abeijon et al. (2006) hydrolysis of these protein components results in the formation of peptides and free amino acids, where the concentration or composition of each denotes a specific taste description. Toldra and Flores (1998) and Giraffa as cited by Batt (2014) also added that free amino acids are precursors of other volatile compounds which contribute to the aroma of the product. Hence, the identified LAB did not only decrease the growth of unwanted microorganisms, but its proteolytic activity also contributed to the unique characteristics of pindang damulag during fermentation.
Organic acid profile
The organic acid profile of pindang damulag during natural fermentation is shown in Figure 6 . Tartaric and propionic acid is below the limit of detection which is 2.00 mg/100 g and 4.00 mg/100 g, respectively. All other organic acids significantly increased through time except for succinic acid which is similar to the study of Egelandsdal et al. (2006) . According to this study, all Figure 5 . Sarcoplasmic protein profile of pindang damulag during fermentation at 13.5% acrylamide gel using Sodium Dodecyl Sulfate -Polyacrylamide Gel Electrophoresis (molecular weight marker followed by day 0 to day 9, from left to right). The 20.1KDa bands started to fade from days 5 to 9. organic acids lactic, acetic, citric, orotic, pyruvic, formic, uric, and propionic acid increased during fermentation while succinic acid decreased because it was eventually metabolized by bacteria. Figure 6 shows that lactic acid dominated the organic acid composition of pindang damulag during fermentation. It was found to be statistically constant from day 0 to day 1 but the concentration increased significantly each day until the last day of fermentation. Meat fermentations are caused by LAB, which produces lactic acid as the main organic acid through carbohydrate metabolism. Furthermore, LAB counts dominated other types of microorganisms during the fermentation, hence as the number of LAB increases ( Figure 2 ) the concentration of lactic acid proportionally increases ( Figure 6 ). Figure 6 also revealed that pindang damulag had a high concentration of acetic acid but lower than the lactic acid. It was constant from day 0 to day 1 but increased significantly thereafter until the last day of fermentation. Some LAB is heterofermentative which produces not only lactic acid during metabolism but also other compounds like acetic acid, CO 2 , and ethanol. The isolated W. paramesenteroides is known to be a heterofermentative LAB that contributes to the production of acetic acid in pindang damulag during fermentation.
Conclusion
The study shows that during the early stages of fermentation, pindang damulag has a varied population including coliforms and other unwanted microorganisms, which could render the pindang damulag at these stages to be unfit for human consumption. However, as the fermentation time proceeds, acid-producing groups of microorganisms continued to grow significantly. In line with this, the study also showed that the organic acid production of LAB through glycolysis and simultaneous carbohydrate utilization changed the physico-chemical properties of pindang damulag. These changes can inflict a combined effect of undissociated weak acids interfering with the metabolic processes of the cell and the accumulation of organic acids to lower the pH of the medium which, in theory, can cause other groups of microorganisms to show no significant increase in population and eventually increasing the food safety of the product while giving pindang damulag its unique profile.
